Introduction
Apart from the mention by Darlington (1926) of occasional heteroploid varieties of the bluebell, Endynaion nonscriptus (L.) Garcke (Scilla non scripta Hoffmg and Link; S. nutans Sm.) all other cytological investigations of this species (Granier and Boule, 1911; Hoare, 1934; Sato, 1935; Elliott, 1953) and the closely related Spanish bluebell, E. hispanicus (Mill.) Chouard. (S. hispanica Mill; S. campanulata Ait.) (McKenney 1898; Sato, 1935; Darlington and La Cour 1940a; Margherita and Maugini, 1952; Rees, 1952) have only established their diploidy (2n=16).
But, cytological examination of about thirty 'giant' bluebells (E. non scriptus) found in Cambridgeshire woods used for the present studies showed about sixteen of them to be triploid (3n=24). Similar examinations of some huge forms in gardens of E. hispanicus and a type that appeared like a hybrid between the two species also led to their discovery as triploids (3n= 24). A preliminary report of these discoveries has been made (Wilson, 1956) . Although in the case of E. nonscriptus there is no mention in the literature of huge forms, description of these in E. hispanicus have been made by de Mol van Ould Loosdrecht (1950) , Johnson (1956) and Commissioners of Crown Lands, in Britain (1956) but they have not been examined cytologically. It should also be mentioned here that the plant given by Turrill (1952, see his middle figure), as a normal diploid E. hispanicus is particularly huge. This was at first taken by me (Wilson, 1956) for the putative hybrid owing to absence of any proper full caption on Turrill's figures. But since the explanation of his figures (Turrill, 1956) Turrill has sent me some of his material, most of which proved to be triploid on cytological examination (Wilson, 1957) . Thus the plant in the figure in question is likely to be a triploid and not a diploid E. hispanicus, as Turrill states. On the whole, from present studies, it seems that triploidy in this species is rather common in gardens. They may have been selected unknowingly by horticulturists for their larger size. Since the triploids were new, detailed cytological studies were made to determine their nature and in particular to verify the hybrid origin of the Intermediate form. Before going on to this, descriptions will be given of these triploids. Cytologia 23 Some morphological features of the triploids 1. E. nonscriptus Apart from being huge forms, the triploids were found to have relatively fewer and larger flowers, most of which had the pronounced narrowing of the floral cup just below the opening; again as polyploids they had a slower rate of development and longer blooming period. 2. E. hispanicus and the putative triploid hybrid form Except for size, the triploid E. hispanicus agreed in features with the descriptions of the diploid in the literature (Baker, 1872; Turrill, 1952; Clapham, Tutin and Warburg, 1952) and the author's own examinations of material received from Portugal.
The putative hybrid form agreed with the pure triploid E,. hispanicus in the upright scape, a shorter flower, with equal filaments of shorter at tachments, and blue anthers. In these respects both of them differed from E. nonscriptus. But they were unlike each other in the following respects: a) the suspected hybrid form has a relatively shorter and stouter scape; b) while the floral cup of E. hispanicus had its petals spreading out from the base and appeared funnel-shaped, that of the putative hybrid was connivent in the lower half, and deeply falcate only in the upper half; in this character the putative hybrid is just intermediate between the two species; c) finally the bells of the pure E. hispanicus often face upwards, while those of the suspected hybrid behaved as in E. nonscriptus in hanging downwards. On the whole, as pointed out in the preliminary account (Wilson, 1956) , except for size, the putative hybrid form appeared very much like variants of E. hispanicus described and assigned to Scilla patula by Baker (1872) .
Root-tip mitosis
Root-tip mitosis was normal in all the three triploids. Measurements of The average chromosome lengths of the diploids and the triploids in micron are given in Table 1 . Reduction in chromosome size in polyploids are known (Darlington 1956 ) but there seem to be no data as yet on the degree of reduction.
Developmental rate of meiosis
The late flowering of the triploids was traced back to the time and rate of meiosis. Thus in E. nonscriptus meiosis in the diploid began by the middle of December, but in the triploid it started towards the end of January Quantitative determinations of time taken by meiosis (Wilson, 1958) showed that the rate is about twice as slow in the triploids as in the diploids .
Frequency of chromosome pairing
The frequency of trivalent formation is given in Table 2 for each of the triploids. This is summarised below: From these results it is clear that pairing in these triploids is quite typical of autotriploids.
Even the lower percentage of pollen mother-cells with eight trivalents in the Intermediate form is not extraordinary since not more than three univalents were found. It should also be remarked that in no case did even the three univalents come from the same chromosome set, although, as in the diploids the smallest chromosomes G and H were most frequent in this accidental failure of pairing (Haga, 1944) .
Chiasma frequency
Data on the chiasma frequency per pollen mother-cell in the three triploids are given in Table 3 for 3 plants of E. nonscriptus (means 23.93 to 26.97) Table 3 . Chiasma frequency distribution in triploid bluebells 3 clones of E. hispanicus (means 24.43 to 26.37), and 4 plants of the Inter mediate form (means 25.30 to 25.73). The three types of triploids did not seem to differ appreciably in chiasma frequency, and it is remarkable that low percentage of pollen mother-cells with 8 trivalents in the Intermediate form had no appreciable effect on its mean chiasma frequency . The general value of chiasma frequency of about 25 conforms with the expectation in autotriploids of one and a half times that in diploids (Darlington , 1937; Darlington and Mather, 1932; Stone and Mather , 1932) . The overall mean here for the diploid chiasma frequency was 17.27 .
Abnormalities in meiosis
Apart from the occasional failure of pairing , the main abnormalities consisted of inversions and laggards.
a) Inversions
Inversions were found in all the three forms by means of the chromatid bridge and fragment at anaphase I. The frequency seems much lower (about 0.09% of the pollen mother-cells) than in the diploids .
b) Lagging chromosomes
Lagging chromosomes after bivalent separation at anaphase I were less frequent in the triploids of E. hispanicus and the Intermediate form (about 5%) but far more so in the triploid of E. nonscriptus (25-40%) with frequent micro-nuclei at telophase I . At anaphase II there were only about 1% lagging chromosomes in E. hispanicus and the Intermediate form, but about 4% in E. nonscriptus.
Distribution of chromosomes at anaphase I
In triploids the extra (n) chromosome complement per pollen mother cell is expected to be shared between the two daughter nuclei at Anaphase I in various proportions.
Mather (1935) was perhaps the first to produce data on this from Triticum triploid hybrids.
His data showed that, except for slight loss through lagging, the movement at anaphase I of the extra chromosomes was random so that their frequency in the resulting nuclei approximated to the binomial distribution.
The more adequate data of Satina and Blakeslee (1937) in triploid Datura stramonium showed significant devi ations of the frequencies of the various classes from the expected, particularly in the 2n or n classes where the frequencies were far greater than expected. They concluded that this peculiarity in chromosome assortment was likely to be characteristic of all triploids.
Data on similar lines were obtained in the present studies of the three triploids, as shown in Table 4 .
The chi-square test applied to the observed and expected frequencies of the various chromosome classes showed that in E. nonscriptus, the observed frequencies depart only slightly from expectation based on random distri bution, x2[3]=7.02, 5% pt=7.815, while in the case of E. hispanicus there when compared with the other two triploids in not deviating clearly from the expected frequencies based on the binomial distribution .
Pollen mitosis I-Distribution of chromosome numbers
Data on the same lines as the above were also obtained from pollen grain mitosis I as shown in Table 5 .
As might be expected, the chi-square test shows a far greater departure from the expected distribution of the chromosome numbers in the pollen grains than was found at anaphase I-although, here again, the departure was less in E. nonscriptus ( The data are also represented graphically in Fig. 2 . Compared with the frequencies at anaphase I, it is clear that in the pollen grains there is a depletion in the 12-12 group, although the relative shapes of the curves are similar to corresponding ones of the three forms at anaphase I.
Like the data from other triploid species, there were no pollen-grains undergoing mitosis with less than the haploid number of chromosomes.
But unlike other reports, the frequency distri bution in all these present forms shows a shift towards an increase in groups with more than 1.5n chromosomes rather than towards an in crease in the groups with less than 1.5n chromosomes, as in Hyacinthus (Darling ton, 1926) , Allium species (Levan, 1933) , Narcissus (Nagao, 1935) and Datura (Satina and Blakeslee, 1937 during the examination of pollen-mitosis in nature their induction with cold treatment indicates a potentiality which may occur in nature and lead to the formation of triploids (de Mol, 1928) . However diploid pollen would normally have to compete with normal haploid grains, and it is probable that diploid pollen-tubes grow more slowly and so would rarely bring about fertilization.
Pollen sterility
The pollen grains of all the triploids were relatively larger and more variable in size than those of the diploids (cp. Blakeslee and Cartledge, 1926) . It should be mentioned here that apart from a high proportion of dud-pollen, the pollen-grains in E. nonscriptus were marked by the presence of some large 'double' grains presumably caused by failure to separate during meiosis. Below is a table of data on sterile pollen in the triploids as well as diploids. Data from fatura stramoniurn (Satina and Blakeslee 1937) are included for comparison.
Of particular interest in the whole data is the similarity of percentage sterile pollen in the triploid E. hispanicus and the Intermediate form (the putative triploid hybrid).
Seed set
Data on seed set (which remained to maturity) is given for the triploids and diploids as shown below:
Here again the triploid E. nonscriptus seems to be more unlike the triploid E. hispanicus and the Intermediate form. Cytogenetical studies of these closely related triploid forms, have offered the opportunity for making certain conclusions regarding the significance of the distribution of chromosome classes after metaphase I. The fact that in the triploid E. nonscriptus at both anaphase I and pollen-mitosis I, the distribution of the chromosome classes departs least from expectation of randomness (when compared with the other two triploid forms) is remarkable, in view of the far higher proportion of lagging chromosomes and micro nuclei after bivalent separation at anaphase I, and still more micro-nuclei at pollen-mitosis. It is considered that for every pollen mother-cell, the distri bution of the chromosomes at Anaphase I in polyploids depends on the co orientation of the centromeres as well as the position of chiasmata at metaphase I (Darlington, 1937) . Assuming these situations to be similar in the three present triploids, the facts stated above (with respect to the triploid E. non. scriptus) may be taken to mean that the 'abortion' of some of the chromo somes through lagging and micro-nucleus formation is responsible for the result that the remaining chromosome classes are more in line with random distribution, and that in the apparent absence of this 'abortion', there is a greater deviation from random distribution (as was in the triploid E. his panicus and the Intermediate form).
This conclusion would imply selective 'abortion' of chromosomes which would be disadvantageous to the plant since it may be the cause of the exceedingly higher proportion of abortive pollen and poor seed set as was found in the triploid E. nonscriptus compared with the triploid E. hispanicus and the Intermediate form.
The nature of the putative triploid hybrid
The various cytogenetical data presented in this chapter supply evidence that the putative triploid hybrid (Intermediate form) behaves in so many ways like the triploid E. hispanicus that there is nothing to suggest its hybrid origin. This coupled with the morphological features given, suggests that it is a form of E. hispanicus. An investigation of the taxonomic forms within the species E. hispanicus was therefore made, and, as suggested earlier (Wilson, 1956) it seems that this Intermediate form is a triploid of the form of E. hispanicus designated Scilla patula by Baker (1872) . Conclusions 1. Polyploidy, at the triploid level, is recorded here for the first time in the bluebell, Endymion nonscriptus (L.) Garcke and E. hispanicus (Mill) Chouard, as well as a putative hybrid form found in gardens.
2. Cytogenetical studies of these three triploid forms show the triploid E. nonscriptus in many ways different from the other two triploids which have very similar chromosome mechanics. The weight of the various forms of evidence on these triploids suggests that the putative hybrid form is only an auto-triploid of a variety of E. hispanicus.
3. The triploids have been used to study in some detail the freq uency distribution of the chromosome at anaphase I and in pollen -mitosis I .
